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(57) The present invention provides an optical illu- 
mination device that permits an increase in the fill of a 
multiplicity of light sources that constitute a secondary 
source formed on an illuminated pupil plane. A fly's eye 
lens that forms a multiplicity of light sources from a light 
beam emitted by an optical integrator is disposed in the 
optical path between the optical integrator and an irra- 
diation surface. The fly's eye lens comprises, in order 
from the light-source side, a first fly's eye member and 



a second fly's eyemember. Acylindrical lens group ar- 
ranged in a first direction is formed on each of the light 
source-side surface of a first fly's eye member and the 
light source-side surface of a second fly's eye member, 
and a cylindrical lens group arranged in a second direc- 
tion orthogonal to the first direction is formed on each 
of the irradiation surface side surface of the first fly's eye 
member and the irradiation surface side surface of the 
second fiv's eye member. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invenLion relates to an optical illu- 
mination device, an exposure device, and an exposure 
method, and more particularly to an optical illumination 
device suitable for an exposure device for fabricating, 
by moans of a lithographic process, microdcviccs such 
as a semiconductor clement, an image pickup clement, 
a liquid crystal display element and a thin-film magnetic 
head. 

Related Background Art 

[0002] In a typical exposure device of this kind, the 
light beam (radiation beam) emitted by the light source 
enters a fly's eye lens such that a secondary light source 
comprising a multiplicity of light sources is formed on 
the back focal plane of this lens. The light beam from 
the secondary light source enters a condenser lens (a 
condenser optical system) after being restricted via an 
aperture diaphragm disposed in the vicinity of the back 
focal plane of the fly's eye lens. This aperture diaphragm 
restricts the shape or size of the secondary light source 
to the desired shape or size in accordance with the de- 
sired illumination conditions (exposure conditions). 
[0003] The light beam which is condensed by the con- 
denser lens illuminates, byway of superposition, a mask 
formed with a predetermined pattern. The light transmit- 
ted by the pattern of the mask forms an image on a wafer 
via an optical projection system. The mask pattern is 
thus projection-exposed (transferred) onto the wafer. 
The pattern formed on the mask is highly integrated. A 
uniform illuminance distribution on the wafer is indispen- 
sable in order to accurately transfer the detailed pattern 
onto the wafer. 

[0004] In an exposure device that has the constitution 
described above, there is a need to increase the fill of a 
multiplicity of light sources that constitute a secondary 
light source formed on the illuminated pupil plane in or- 
der to improve the image formation capacity. 

SUMMARY OF THE INVENTION 

[0005] The present invention has as an object to pro- 
vide an optical illumination device that permits an in- 
crease in the fill of a multiplicity of light sources that con- 
stitute a secondary source formed on an illuminated pu- 
pil plane (pupil surface) . It is a further object of the 
present invention to provide an exposure device and ex- 
posure method that permit favorable projection expo- 
sure with a favorable image formation capacity by using 
an optical illumination device in which the fill of the mul- 
tiplicity of light sources that constitute the secondary 
light source formed on the illuminated pupil plane is im- 



proved. 

[0006] In order to achieve the above object, a first in- 
vention of the present invention provides an optical illu- 
mination device for illuminating an irradiation surface 

5 with a light beam from a light source, comprising: an op- 
tical integrator which is disposed in an optical path be- 
tween the light source and the irradiation surface; and 
a fly's eye lens which is disposed in an optical path be- 
tween the optical integrator and the irradiation surface 

10 and which forms a multiplicity of light sources from the 
light beam output from the optical integrator, the fly's eye 
lens comprising, in order from the light source side, a 
first fly's eye member and a second fly's eye member, 
each of the light source-side surface of the first fly's eye 

15 member and the light source-side surface of the second 
fly's eye member being formed with a cylindrical lens 
group such that the cylindrical lenses are arranged in a 
first direction, and each of the irradiation surface-side 
surface of the first fly's eye member and the irradiation 

20 surface-side surface of the second fly's eye member be- 
ing formed with a cylindrical lens group such that the 
cylindrical lenses are arranged in a second direction or- 
thogonal to the first direction. 

t [0007] According to a preferred aspect of the first in- 

25 vention, when the radius of curvature of each cylindrical 
lens formed on the light source-side surface of the first 
fly' s eye member is Ra, the radius of curvature of each 
cylindrical lens formed on the light source-side surface 
of the second fly's eye member is Rb, the radius of cur- 

30 vature of each cylindrical lens formed on the irradiation 
surface-side surface of the first fly's eye member is Rc, 
and the radius of curvature of each cylindrical lens 
formed on the irradiation surface-side surface of the 
second fly's eye member is Rd, the conditions 0.3<Rd/ 

35 Rc<0.5 and 0.3<Rb/Ra<0.5 are satisfied. 

[0008] According .o a preferred aspect of the first in- 
vention, the first fly's eye member comprises silica 
glass, and the second fly's eye member comprises a 
crystal material that is transmissive with respect to light 

40 with a wavelength of 250 nm or less. Alternatively, of the 
first fly's eye member and the second fly's eye member, 
a fly's eye member in which region irradiated with light 
at an energy density equal to or more than 1 mJ/cm 2 is 
present preferably comprises a crystal material that is 

45 transmissive with respect to light with a wavelength of 
250 nm or less. Further, the crystal material preferably 
contains at least one material selected from a group 
consisting of fluorite, quartz crystal, magnesium fluo- 
ride, barium fluoride, lithium fluoride, lanthanum fluo- 

50 ride, strontium fluoride, beryllium fluoride, sodium fluo- 
ride, LICAF, and LISAF. 

[0009] In addition, according to a preferred aspect of 
the first invention, alignmentmarks for aligning the first 
fly' s eye member and the second fly's eye member are 
55 formed on the first fly's eye member and the second fly's 
eye member. In this case, the alignment marks prefer- 
ably include linear marks formed in the second direction 
in the light source-side surface of the first fly's eye mem- 
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ber and in the light source-side surface of the second 
fly's eye member, and linear marks formed in the first 
direction in the irradiation surface-side surface of the 
first fly's eye member and in the irradiation surface-side 
surface of the second fly's eye member. 
[0010] According Lo a preferred aspect of the first in- 
vention, a corrective Tiller for correcting the illuminance 
distribution on the irradiation surface is provided at at 
least one of an entrance pupil face pertaining to the first 
direction of the fly's eye lens or in the vicinity of this face, 
and an entrance pupil face pertaining to the second di- 
rection of the fly's eye lens or in the vicinity of this face. 
In this case, second alignment marks for aligning the 
corrective filter with the first fly's eye member orthe sec- 
ond fly's eye member are preferably formed on the cor- 
rective filter. Further, in this case, the second alignment 
marks preferably include linear marks formed in the first 
direction orthe second direction. 
[0011] Moreover, according to a preferred aspect of 
the first invention, at least one of the pitch in the first 
direction of the cylindrical lens groups formed on the 
light source-side surface of the first fly's eye member 
and the light source-side surface of the second fly's eye 
member, and the pitch in the second direction of the cy- 
lindrical lens groups formed on the irradiation surface- 
side surface of the first fly's eye member and the irradi- 
ation surface-side surface of the second fly's eye mem- 
ber is equal to or less than 2 mm. 
[0012] Further, according to a preferred aspect of the 
first invention, at least one of the first fly's eye member 
and the second fly's eye member is constituted so as to 
be movable. In this case, at least one of the first fly's eye 
member and the second fly's eye member is preferably 
constituted so as to be movable along the optical axis 
for the purpose or controlling the sue of the illumination 
region on the irradiation surface or controlling the illumi- 
nance distribution on the irradiation surface. 
[0013] Also, at least one of the first fly's eye member 
and the second fly's eye member is preferably consti- 
tuted so as to be movable in at least one of the first di- 
rection and the second direction for the purpose of con- 
trolling the size of the illumination region on the irradia- 
tion surface or controlling the illuminance distribution on 
the irradiation surface. In addition, at least one of the 
first fly's eye member and the second fly's eye member 
is preferably constituted so as to be rotatable around at 
least one of the first direction and the second direction 
forthe purpose of controllingthe illuminance distribution 
on the illumination pupil plane. 

[0014] A second invention of the present invention 
provides an exposure device, characterized by compris- 
ing: the optical illumination device of the first invention; 
and an optical projection system for projection-exposing 
a pattern of a mask disposed on the irradiation surface 
onto a photosensitive substrate. In this case, the mask 
pattern is preferably projection -exposed onto the pho- 
tosensitive substrate by causing the mask and the pho- 
tosensitive substrate to undergo relative motion with re- 



spect to the optical projection system in a direction that 
corresponds optically with the first direction. 
[0015] Further, in this case, the pitch in the first direc- 
tion of the cylindrical lens group formed on the light 

5 source-side of the first fly's eye member is set smaller 
than the pilch in Ihe second direclion of the cylindrical 
lens group formed on Ihe irradialion surface-side of Ihe 
first fly's eye member. Also, in this case, when the pitch 
in the second direction of the cylindrical lens groups 

10 formed on the irradiation surface-side of the first fly's eye 
member is a, and the pitch in the first direction of the 
cylindrical lens group formed on the light source-side of 
the first fly' s eye member is b, 1 .2<a/b<13.0 is prefer- 
ably satisfied, and more preferably, 2.6<a/b<4.0 is pref- 

15 erably satisfied. 

[0016] A third invention of the present invention pro- 
vides an exposure method that illuminates a mask via 
the optical illumination device according to the first in- 
vention, and projection-exposes, the image of the pat- 

20 tern formed on the illuminated mask onto a photosensi- 
tive substrate. Further, a fourth invention of the present 
invention is an optical illumination device for illuminating 
an irradiation surface with a light beam from a light 
source, comprising: a fly's eye lens which is disposed in 

25 a light path between the light source and the irradiation 
surface and which forms a multiplicity of light sources 
from the light beam emitted from the light source, where- 
in the fly's eye lens comprises, in order from the light 
source side, a first fly's eye member and a second fly's 

30 eye member, and wherein a cylindrical lens group ar- 
ranged in a first direction is formed on each of the light 
source-side surface of the first fly's eye member and the 
light source-side surface of the second fly's eye mem- 
ber; a cylindrical lens group arranged in a second direc- 
ts lion orthogonal to the first direclion is formed on each 
of the irradiation surface-side surface of the first fly's eye 
member and the irradiation surface-side surface of the 
second fly's eye member; and. when the radius of cur- 
vature of each cylindrical lens formed on the light 

40 source-side surface of the first fly's eye member is Ra, 
the radius of curvature of each cylindrical lens formed 
on the light source-side surface of the second fly* s eye 
member is Rb, the radius of curvature of each cylindrical 
lens formed on the irradiation surface-side surface of 

45 the first fly's eye member is Rc, and the radius of curva- 
ture of each cylindrical lens formed on the irradiation 
surface-side surface of the second fly's eye member is 
Rd, the conditions 0.3<Rd/Rc<0.5 and 0.3<Rb/Ra<0.5 
are satisfied. 

50 [0017] Further, a fifth invention of the present inven- 
tion is an optical illumination device for illuminating an 
irradiation surface with a light beam from a light source, 
comprising: a fly's eye lens for forming a multiplicity of 
light sources from the light beam emitted from the light 

55 source, wherein the fly's eye lens comprises, in order 
from the light source side, a first fly's eye member and 
a second fly's eye member, and wherein a cylindrical 
lens group arranged in a first direction is formed on each 
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of the light source-side surface of the first fly's eye mem- 
ber and the light source-side surface of the second fly's 
eye member; a cylindrical lens group arranged in a sec- 
ond direction orthogonal to the first direction is formed 
on each of the irradiation surface-side surface of the first 
fly's eye member and Ihe irradiation surface-side sur- 
face of the second fly's eye member: and : of the first 
fly's eye member and the second fly's eye member, a 
fly's eye member in which region irradiated with light at 
an energy density equal to or more than 1 mJ/cm 2 is 
present comprises a crystal material that is transmissivc 
with respect to light with a wavelength of 250 nm or loss. 
[001 8] Further a sixth invention of the present inven- 
tion is an optical illumination device for illuminating an 
irradiation surface with a light beam from a light source, 
comprising: an optical element array which is arranged 
in a light path between the light source and the irradia- 
tion surface, and which comprises a multiplicity of opti- 
cal elements arranged in at least one of a first direction 
and a second-direction orthogonal to the first direction: 
and a fly's eye lens which is disposed in a light path be- 
tween the optical element array and the irradiation sur- 
face, and which forms a multiplicity of light sources from 
the light beam output from the optical elements, wherein 
the fly's eye lens comprises, in order from the light 
source side, a first fly's eye member and a second fly's 
eye member, and wherein a cylindrical lens group ar- 
ranged in the first direction is formed on each of the light 
source-side surface of the first fly's eye member and the 
light source-side surface of the second fly's eye mem- 
ber; and a cylindrical lens group arranged in the second 
direction is formed on each of the irradiation surface- 
side surface of the first fly's eye member and the irradi- 
ation surface-side surface of the second fly's eye mem- 
ber. 

According to a preferred aspect of the sixth invention, 
the optical element array preferably forms a multiplicity 
of light sources from the light beam emitted from the light 
source. Further, according to the above-described sixth 
invention, the optical clement array preferably supplies 
the fly's eye lens with a light beam that possesses a light 
intensity distribution in which the light intensity of a cen- 
tral region comprising the optical axis is set smallerthan 
the region surrounding this central region, from the light 
beam emitted from the light source. Further, in the sixth 
invention described above, an optical relay system is 
preferably disposed in the tight path between the optical 
element array and the fly's eye lens. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 shows an outline of the constitution of an ex- 
posure device that comprises the optical illumina- 
tion device according to an embodiment of the 
present invention; 

Fig. 2 is a perspective view of an outline of the con- 



stitution of the micro fly's eye lens in Fig. 1 : 
Fig. 3A and 3B illustrate the actions of the cylindrical 
lens groups of the light source side and the cylindri- 
cal lens groups of the irradiation surface side re- 
5 spectively: 

Fig. 4A and 4B show an aspect in which the micro 
Tly's eye lens is provided with a pair of corrective 
filters with respect to the cylindrical lens groups of 
the light source side and the cylindrical lens groups 
10 of the irradiation surface side respectively; 

Fig. 5 shows an outline of the constitution and dis- 
position of a first corrective filter; 
Fig. 6 shows an outline of the constitution and dis- 
position of a second corrective filter: 
15 Fig. 7 is a flowchart of the procedure involved in ob- 

taining a semiconductor device which is a microde- 
vice; and 

Fig. 8 is a flowchart of the procedure involved in ob- 
taining a liquid crystal display element which is a 
20 microdevice. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 [0020] Embodiments of the present invention will now 
be described on the basis of the attached drawings. 
[0021] Fig. 1 shows an outline of the constitution of 
an exposure device that comprises the optical illumina- 
tion device according to an embodiment of the present 

30 invention. In Fig. 1 , a Z axis, which extends in a normal 
direction of a wafer W that is a photosensitive substrate, 
a Y axis, which extends in a direction parallel to the page 
of Fig. 1 in the wafer surface, and an X axis, which ex- 
tends in a direction perpendicular to the page of Fig. 1 

35 in the wafer surface are respectively set. Further, in Fig. 
1 , the optical illumination device is set to perform annu- 
lar illumination. 

[0022] The exposure device in Fig. 1 comprises, as a 
light source 1 for supplying exposure light (illumination 

-*o light), a KrF excimer laser light source which supplies 
light with a wavelength of 248 nm, an ArF excimer laser 
light source which supplies light with a wavelength of 
193 nm or a F 2 laser light source which supplies light 
with a wavelength of 157nm, for example. The substan- 

45 tially parallel light beam emitted from the light source 1 
in the Z direction has a rectangular cross-section that 
extends so as to be long in the X direction and enters a 
beam expander 2 that comprises a pair of lenses 2a and 
2b. The lenses 2a and 2b possess a negative refractive 

50 power and a positive refractive power respectively with- 
in the page of Fig. 1 (in the plane YZ). Therefore, the 
light beam that enters the beam expander 2 expands 
within the page of Fig. 1, and is reshaped to render a 
light beam that possesses a predetermined rectangular 

55 cross-section. 

[0023] Afterthe substantially parallel light beam which 
has passed through the beam expander 2 that consti- 
tutes an optical reshaping system has been deflected in 
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the Y direction by a bent mirror 3, this light beam enters 
an afocal zoom lens 5 via a diffractive optical element 
4 . Generally, diffractive optical elements are constituted 
by forming a glass substrate with a level difference that 
has a pitch on the order of the wavelength of the expo- 
sure light (illumination light), and such elements acl lo 
diffract the incident beam to the desired angle. More 
specifically, in a case where a parallel light beam of rec- 
tangular cross-section enters the diffractive optical ele- 
ment 4, this element has the function of forming a circu- 
lar light intensity distribution in the corresponding far 
field (or Fraunhofer diffraction region) . Hence, the light 
beam that has passed through the diffractive optical el- 
ement 4 forms a circular tight intensity distribution, that 
is, a light beam of circular cross-section, in the pupil po- 
sition of the afocal zoom lens 5. 

[0024] Further, the diffractive optical element 4 is con- 
stituted so as to be capable of retraction from the illumi- 
nation light path. Setting of the diffractive optical ele- 
ment 4 so that same is retracted from or moved into the 
illumination light path is carried out by a drive . system 

22 that operates oh the basis of instructions from a con- 
trol system 21 . The afocal zoom lens 5 is constituted so 
as to be able to permit a successive change inmagnifi- 
cation within a predetermined range while maintaining 
the afocal system. The change in the magnification of 
the afocal zoom lens 5 is performed by a drive system 

23 that operates on the basis of instructions from the 
control system 21. The light beam that has passed 
through the afocal zoom lens 5 enters a diffractive opti- 
cal element 6 used for annular illumination. The afocal 
zoom lens 5 optically conjugates the origin of diver- 
gence of the diffractive optical element 4 and the diffrac- 
tion surface of the diffractive optical element 6. Further, 
the numerical aperture of the light beam focused at one 
point on the diffraction surface of the diffractive optical 
element 6 or on a face neighboring the diffraction sur- 
face changes depending on the magnification of the afo- 
cal zoom lens 5. 

[0025] In a case where aparallel light beam enters the 
annular illumination diffractive optical element 6, this el- 
ement has a function to form a ringlike light intensity dis- 
tribution in the corresponding far field. Further, the dif- 
fractive optical element 6 is constituted so as to be ca- 
pable of being inserted/withdrawn from the illumination 
light path, and is constituted so as to be able to switch 
between a quadripolar illumination diffractive optical el- 
ement 60 and a circular illumination diffractive optical 
element 61 . The constitution and action of the quadripo- 
lar illumination diffractive optical element 60 and the cir- 
cular illumination diffractive optical element 61 will be 
described subsequently. Here, switching between the 
annular illumination diffractive optical element 6, the 
quadripolar illumination diffractive optical element 60, 
and the circular illumination diffractive optical element 
61 is carried out by a drive system 24 that operates on 
the basis of instructions from the control system 21 . 
[0026] The light beam that has passed through the dif- 



fractive optical element 6 enters a zoom lens 7. The en- 
trance surface of a micro fly's eye lens (or fly's eye lens) 
8 that comprises, in order from the light source side, a 
first fly's eye member 8a and a second fly's eye member 
5 8b (that is, the entrance surface of the first fly's eye 
member 8a) is aligned in the vicinity of the back focal 
plane of the zoom lens 7. Further, the micro Ny's eye 
lens 8 functions as an optical integrator for forming a 
multiplicity of light sources on the basis of the incident 
10 light beam, and the constitution and action thereof will 
be described in detail subsequently. 
[0027] As described above, the light beam from the 
circular light intensity distribution formed in the pupil po- 
sition of the afocal zoom lens 5 via the diffractive optical 
15 element 4 is emitted from the afocal zoom lens 5 and 
then enters the diffractive optical element 6 in the form 
of a light beam that has a variety of angular components. 
In other words, the diffractive optical element 4 consti- 
tutes an optical integrator that acts to form an angular 
20 light beam. Meanwhile, in a case where a parallel light 
beam enters the diffractive optical element 6, this ele- 
ment has a function to form a ringlike light intensity dis- 
tribution in the corresponding far field. Therefore, the 
light beam that has passed through the diffractive optical 
25 element 6 forms an annular illumination field that is cen- 
tered on the optical axis AX, for example, on the back 
focal plane of the zoom lens 7 (as well as on the en- 
trance surface of the micro fly's eye lens 8). 
[0028] The outside diameter of the annular illumina- 
te tion field formed on the entrance surface of the micro 
fly's eye lens 8 changes depending on the focal length 
of the zoom lens 7. Thus, the zoom lens 7 couples the 
diffractive optical element 6 and the entrance surface of 
the micro fly's eye lens 8 substantially in a Fourier con- 
35 version relationship. Further, the change in the focal 
length of the zoom lens 7 is performed by a drive system 
25 that operates on the basis of instructions from the 
control system 21 . The light beam that enters the micro 
fly's eye lens 8 is divided two-dimensionally such that a 
40 multiplicity of annular light sources (known hereinafter 
as the 'secondary light source') which are the same as 
the illumination field formed by the incident light beam 
entering the micro fly's eye lens 8 are formed on the 
back focal plane of the micro fly's eye lens 8. 
45 [0029] The light beam from the annular secondary 
light source formed on the back focal plane of the micro 
fly's eye lens 8 undergoes the condensing action of an 
optical condenser system 9 and then illuminates, by way 
of superposition , a mask M formed with a predetermined 
50 pattern. The light transmitted by the pattern of the mask 
M forms an image of the mask pattern on a wafer W 
which is a photosensitive substrate, via a projection ex- 
posure optical system PL. Thus, as a result of perform- 
ing batch exposure or scanning exposure while drive- 
rs controlling the wafer W in two dimensions within a plane 
(XY plane) that lies orthogonal to the optical axis AX of 
the projection exposure optical system PL the pattern 
of the mask M is successively exposed onto the ex- 
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posed regions of the wafer W. 

[0030] Further in the case of batch exposure : the 
mask pattern is exposed batchwise onto the exposed 
regions of the water in accordance with the so-called 
'step and repeat' method. In this case : the shape of the 
illumination region on Lhe mask M is a rectangular shape 
that is close to a square shape. On the other hand, in 
the case of scanning exposure, the mask pattern is ex- 
posed by scanning onto the exposed regions of the wa- 
fer while the mask and wafer undergo relative motion 
with respect to the optical projection system, in accord- 
ance with the so-called 'step and scan' method. In this 
case, the shape of the illumination region on the mask 
M is a rectangular shape in which the ratio between the 
short and long sides is 1 :3 : for example. 
[0031] In the present embodiment; when the magnifi- 
cation of the afocal 7oom lens 5 changes : the center 
height of the annular secondary light source (the dis- 
tance of the circular center line from the optical axis AX) 
does not change. There is only a change to the width of 
the secondary light source (1/2 the difference between 
the outside diameter (diameter) and the inside diameter 
(diameter)). In other words, both the size (outside diam- 
eter) of the annular secondary light source and the 
shape (annular ratio: inside diameter/outside diameter) 
can be changed by changing the magnification of the 
afocal zoom lens 5. 

[0032] Further a change to the focal length of the 
zoom lens 7 brings about a change in both the center 
height and the width of the annular secondary light 
source, but no change in the annular ratio thereof. That 
is, by changing the focal length of the zoom lens 7, it is 
possible to change the outside diameter of the annular 
secondary light source without changing the annular ra- 
tio thereof. As described above, according lo the 
present embodiment, by suitably changing the magnifi- 
cation of the afocal zoom lens 5 and the focal length of 
the zoom lens 7, it is possible to change only the annular 
ratio of the annular secondary light source without 
changing the outside diameter thereof. 
[0033] As described above, the diffractive optical ele- 
ment 6 is constituted so as to be capable of being in- 
serted in/withdrawn from the illumination light path, and 
is constituted so as to be able to switch between a quad- 
ripolar illumination diffractive optical element 60 and a 
circular illumination diffractive optical element 61 . Quad- 
ripolar illumination, which is obtained by setting the dif- 
fractive optical element 60 in the illumination light path 
in place of the diffractive optical element 6, will now be 
described below. In a case where a parallel light beam 
enters the quadripolar illumination diffractive optical el- 
ement 60, this element has a function to form a light in- 
tensity distribution in the form of four points in the cor- 
responding far field. Therefore, the fight beam that has 
passed through the diffractive optical element 60 forms 
a quadripolar illumination field which comprises four cir- 
cular illumination fields and is centered on the optical 
axis AX, for example, on the entrance surface of the mi- 



cro fly's eye lens 8. As a result a quadripolar secondary 
light source that is the same as the illumination field 
formed on the entrance surface of the micro fly's eye 
lens 8 is also formed on the back focal plane thereof. 

5 [0034] Similarly to the case of annular illumination, 
with quadripolar illumination also, both Lhe outside di- 
ameter of the quadripolar secondary light source (lhe 
diameter of the circle that circumscribes the four circular 
planar light sources) and the annular ratio (the diameter 

10 of the circle that is inscribed in the four circular planar 
light sources/the diameter of the circle that circum- 
scribes the four circular planar light sources) can be 
changed by changing the magnification of the afocal 
zoom lens 5. Furthermore, by changing the focal length 

15 of the zoom lens 7, the outside diameter of the quad- 
ripolar secondary light source can be changed without 
changing the annular ratio thereof. As a result, by suit- 
ably changing the magnification of the afocal zoom lens 
5 and the focal length of the zoom lens 7, it is possible 

20 to change only the annular ratio of the quadripolar sec- 
ondary light source without changing the outside diam- 
eter thereof. 

[0035] Next, circular illumination, which is obtained by 
retracting the diffractive optical element 4 from the illu- 

25 mination light path and setting the circular illumination 
diffractive optical element 61 in the illumination light path 
in place of the diffractive optical element 6 or diffractive 
optical element 60. will be described. In this case, a light 
beam of rectangular cross-section that follows the opti- 

30 cal axis AX enters the afocal zoom lens 5. The light 
beam that enters the afocal zoom lens 5 is enlarged or 
reduced in accordance with the magnification of this 
lens 5 such thatthe light beam that retains a rectangular 
cross-section is emitted from the afocal zoom lens 5 

35 along the optical axis AX and enters the diffractive op- 
tical element 61 . 

[0036] Here, similarly to the diffractive optical element 
4, in a case where a parallel light beam of rectangular 
cross-section enters the circular illumination diffractive 

40 optical clement 61 , this clement has a function to form 
a circular light intensity distribution in the corresponding 
far field. Therefore, the circular light beam formed by the 
diffractive optical element 61 forms a circular illumina- 
tion field that is centered on the optical axis AX on the 

45 entrance surface of the micro fly's eye lens 8, via the 
zoom lens 7. As a result, a circular secondary light 
source centered on the optical axis AX is also formed 
on the back focal plane of the micro fly's eye lens 8. As 
a result, by changing the magnification of the afocal 

50 zoom lens 5 or the focal length of the zoom lens 7, the 
outside diameter of the circular secondary light source 
can be suitably changed. 

[0037] The illumination switching operation of the 
present embodiment will now be simply described be- 
55 low. First of all, information such as that relating to the 
type of mask to be sequentially exposed in accordance 
with the step and repeat method or the step and scan 
method is inputted to the control system 21 via input 
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means 20 such as a keyboard. The control system 21 
stores information such as the optimum line width (re- 
solving power) and depth of focus pertaining to each 
type of mask in an internal memory section, and sup- 
plies an appropriate control signal to the drive systems 5 
22 to 25 in response lo an input from the input means 20. 
[0038] In other words, in a case where annular illumi- 
nation is performed on the basis of the optimum resolu- 
tion (resolving power) and depth of focus, the drive sys- 
tem 24 aligns the annular illumination diffractive optical 
clement 6 in the illumination light path on the basis of 
an instruction from the control system 21 . Then, in order 
to obtain an annular secondary light source, which has 
the desired size (outside diameter) and annular ratio, on 
the back focal plane of the micro fly's eye lens 8, the 
drive system 23 sets the magnification of the afocal 
zoom lens 5 on the basis of an instruction from the con- 
trol system 21 , and the drive system 25 sets the focal 
length of the zoom lens 7 on the basis of an instruction 
from the control system 21 . 

[0039] In addition, depending on requirements, by 
changing the magnification of the afocal zoom lens 5 by 
means of the drive system 23, or changing the focal 
length of the zoom lens 7 by means of the drive system 
25, it is possible to suitably change the size and the an- 
nular ratio of the annular secondary light source formed 
on the back focal plane of the micro fly's eye lens 8. Loss 
of the light amount can th us be virtually eliminated in the 
formation of the annular secondary light source, and 
varied annular illumination can be performed by suitably 
changing the size and annular ratio of the annular sec- 
ondary light source. 

[0040] Further, in a case where quadripolar illumina- 
tion is performed on the basis of the optimum resolving 
power and depth of focus, the drive system 24 aligns 
the quadripolar illumination diffractive optical element 
60 in the illumination light path on the basis of an instruc- 
tion from the control system 21 . Then, in order to obtain 
a quadripolar secondary light source, which has the de- 
sired size (outside diameter) and shape (annular ratio), 
on the back focal plane of the micro fly's eye lens 8, the 
drive system 23 sets the magnification of the afocal 
zoom lens 5 on the basis of an instruction from the con- 
trol system 21 , and the drive system 25 sets the focal 
length of the zoom lens 7 on the basis of an instruction 
from the control system 21 . 

[0041] In addition, depending on requirements, by 
changing the magnification of the afocal zoom lens 5 by 
means of the drive system 23, or changing the focal 
length of the zoom lens 7 by means of the drive system 
25, it is possible to suitably change the size and shape 
of the quadripolar secondary light source formed on the 
back focal plane of the micro fly's eye lens 8. In a state 
where loss of the light amount is favorably suppressed 
in the formation of the quadripolar secondary light 
source., varied quadripolar illumination can be per- 
formed by suitably changing the size and shape of the 
quadripolar secondary light source. 



[0042] Further, in a case where ordinary circular illu- 
mination is performed on the basts of the optimum re- 
solving power and depth of focus, the drive system 22 
retracts the diffractive optical element 4 from the illumi- 
nation light path on the basis of an instruction from the 
control system 21, and the drive system 24 aligns the 
circular illumination diffractive optical element 61 in the 
illumination light path on the basis of an instruction from 
the control system 21 . Then, in order to obtain a circular 
secondary light source which has the desired size (out- 
side diameter) on the back focal plane of the micro fly's 
eye lens 8, the drive system 23 sets the magnification 
of the afocal zoom lens 5 on the basis of an instruction 
from the control system 21 , and the drive system 25 sets 
the focal length of the zoom lens 7 on the basis of an 
instruction from the control system 21 . 
[0043] In addition, depending on requirements, by 
changing the focal length of the zoom lens 7 by means 
of the drive system 25, it is possjble to suitably change 
the size of the circular secondary light source formed on 
the back focal r>lane of the micro fly's eye lens 8. Thus, 
while the loss of the light amount is favorably sup- 
pressed in the formation of the circular secondary light 
source, varied circular illumination can be performed by 
suitably changing the value a (sigma) (the value o (sig- 
ma)= the outside diameter of the secondary light source/ 
pupil diameter of the projection light source, or the value 
o (sigma) = the exit-side numerical aperture of the opti- 
cal illumination system/the entrance-side numerical ap- 
erture of the optical projection system). 
[0044] Fig. 2 is a perspective view of an outline of the 
constitution of the micro fly's eye lens of Fig. 1 . Fig. 3A 
and 3B illustrate the actions of the cylindrical lens 
groups of the light source side and the cylindrical lens 
groups of the irradiation surface side respectively. Re- 
ferring now to Fig. 2, the micro fly's eye lens 8 is consti- 
tuted by a first fly's eye member 8a disposed on the light 
source-side and a second fly's eye member 8b disposed 
on the mask side (irradiation surface-side) . The first fly's 
eyo member 8a and the second fly* s eye member 8b 
have the same constitution overall. However, the radius 
of curvature of the refraction surface and material and 
so forth of these members need not necessarily corre- 
spond. 

[0045] To describe this in more detail, cylindrical lens 
groups 11a and 11b arranged in the X direction are 
formed on the light source-side surface of the first fly's 
eye member 8a and the light source-side surface of the 
second fly's eye member 8b respectively. That is, the 
cylindrical lens groups 11a and 11b formed on the light 
source-side surface of the first fly's eye member 8a and 
the light source-side surface of the second fly's eye 
member 8b respectively have a pitch p1 in the X direc- 
tion. 

[0046] Meanwhile, cylindrical lens groups 12a and 
1 2b arranged in the Z direction are formed on the mask- 
side surface of the first fly's eye member 8a and the 
mask-side surface of the second fly's eye member 8b 
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respectively. That is. the cylindrical lens groups 1 2a and 
12b formed on the mask-side surface of the first fly's eye 
member 8a and the mask-side surface of the second 
fly's eye member 8b respectively have a pitch p2 in the 
Z direction. In this embodiment, the pitch p1 of the cy- 
lindrical lens groups 11a and 11b formedon the lighl 
source-side surface is set smaller lhan the pilch p2 of 
the cylindrical lens groups 12a and 12b formed on the 
mask-side surface. 

[0047] Further, linear marks 13a and 13b extending 
in the Z direction arc formed in optically corresponding 
positions on both sides in the X direction, on the light 
source-side surface of the first fly's eye member 8a and 
the light source-side surface of the second fly's eye 
member 8b. Likewise, linear marks 1 4a and 1 4b extend- 
ing in the X direction are formed in optically correspond- 
ing positions on both sides in the Z direction, on the 
mask-side surface of the first fly's eye member 8a and 
the mask-side surface of the second fly's eye member 
8b. The marks 13a. 13b. 14a. and 14b are. for example, 
linear grooves marked on the substrate constituting the 
first fly's eye member 8a and the second fly's eye mem- 
ber 8b. 

[0048] Referring now to Fig. 3A, when attention is di- 
rected toward the refractive action pertaining to the X 
direction of the micro fly's eye lens 8 (that is. the refrac- 
tive action pertaining to the plane XY), the parallel light 
beam that enters the micro fly's eye lens 8 along the 
optical axis AX is wavefront-divided at the pitch p1 ex- 
tending in the X direction by means of the cylindrical lens 
group 11a formed on the light-source side (left side of 
the figure) of the first fly's eye member 8a, Further, the 
light beam that enters each cylindrical lens of the cylin- 
drical lens group 11a undergoes a condensing action at 
Ihe refraction surface of each lens, then undergoes a 
condensing action at the refraction surface of the corre- 
sponding cylindrical lens within the cylindrical lens 
group 1 1 b formed on the light-source side of the second 
fly's eye member 8b, and is then condensed on the back 
focal plane 8c of the micro fly's cyo lens 8. 
[0049] Meanwhile : referring now to Fig. 3B, when at- 
tention is directed toward the refractive action pertaining 
to the Z direction of the micro fly's eye lens 8 (that is, 
the refractive action pertaining to the plane ZY), the par- 
allel light beam that enters the micro fly's eye lens 8 
along the optical axis AX is wavefront-divided at the 
pitch p2 extending in the Z direction by means of the 
cylindrical lens group 1 2a formed on the mask side (right 
side of the figure) of the first fly's eye member 8a. Fur- 
ther, the light beam that enters each cylindrical lens of 
the cylindrical lens group 12a undergoes a condensing 
action at the refraction surface of each lens, then under- 
goes a condensing action at the refraction surface of the 
corresponding cylindrical lens within the cylindrical lens 
group 12b formed on the mask side of the second fly's 
eye member 8b, and is then condensed on the back fo- 
cal plane 8c of the micro fly's eye lens 8. 
[0050] Further, the position of the entrance pupil po- 



sition pertaining to the X direction of the micro fly's eye 
lens 8 and the position of the entrance pupil position per- 
taining to the Z direction are different the entrance pupil 
position pertaining to the X direction being positioned 

5 closer to the light-source side than the entrance pupil 
position pertaining to Ihe Z direction. Thus, the micro 
riy's eye lens 8 of this embodiment is constituted by Ihe 
first fly's eye member 8a and the second fly's eye mem- 
ber 8b that are arranged at intervals along the optical 

10 axis AX but affords the same optical function as an or- 
dinary fly's eye lens that is constituted by densely ar- 
ranging, vertically and horizontally, a multiplicity of lens 
elements of a size p1 in the X direction and a size p2 in 
the Z direction. 

15 [0051] However, according to the present embodi- 
ment, each refraction surface is different from that of an 
ordinary fly's eye lens formed as a two-dimensional 
curved surface (spherical surface) . Each refraction sur- 
face of the first fly's eye member 8a and the second fly's 

20 eye member 8b that constitute the micro fly's eye lens 
8 is formed as a one-dimensional curved surface (cylin- 
drical surface), and hence processing is straightforward, 
and manufacturing costs can be reduced. More partic- 
ularly, in the case of a micro fly's eye lens in which the 

25 minimum pitch p1 is 2 mm or less, the effect of reduced 
manufacturing costs is remarkable. Incidentally, the mi- 
cro fly's eye lens 8 of this embodiment can be manufac- 
tured by means of grinding, etching, and/or stamping, 
and the like, for example. 

30 [0052] Also, according to the present embodiment, 
the diffractive optical element 4, which constitutes an 
optical integrator, is disposed in the light path between 
the light source 1 and the micro fly's eye lens 8 : and 
hence, as a result of the angular light beam forming ac- 

35 lion of the diffraclive optical elemenL 4, each lighl source 
that constitutes the multiplicity of ligh; sources (second- 
ary light source) formed on the back focal plane of the 
micro fly's eye lens 8 is enlarged and the gap between 
the light sources is reduced. As a result, because, ac- 

40 cording to the present embodiment, the fill of the multi- 
plicity of light sources constituting the secondary light 
source formed on the illuminated pupil plane (back focal 
plane of the micro fly's eye lens 8) can be improved, it 
is possible to perform favorable projection exposure 

45 with a favorable image forming capacity. 

[0053] According to the present embodiment, the fol- 
lowing condition (1) and (2) are desirably satisfied: 

50 0.3<Rd/Rc<0.5 (1) 

0.3<Rb/Ra<0.5 (2). 

ss [0054] Here, Ra is the radius of curvature of each cy- 
lindrical lens (11a) formed on the light-source side of the 
first fly's eye member 8a, while Rb is the radius of cur- 
vature of each cylindrical lens (11b formed on the light- 
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source side of the second fly's eye member 8b. Also, Rc 
is the radius of curvature of each cylindrical lens (12a) 
formed on the mask-side surface of the first fly's eye 
member 8a, while Rd is the radius of curvature of each 
cylindrical lens (1 2b) formed on the mask-side surface 
of the second Hy' s eye member 8b. 
[0055] A lowering of Lhe lower limit of the condition (1 ) 
is not preferable because the influence then exerted on 
the illuminance distribution on the wafer conjugate plane 
(comprises the wafer surface) of a manufacturing error 
relating to the mask-side refraction surface of the sec- 
ond fly's eye member 8b (refraction surface of the cylin- 
drical lens group 12b) is then excessive. On the other 
hand, a raising of the upper limit of the condition (1) is 
not preferable because the influence then exerted on 
the illuminance distribution on the wafer conjugate plane 
of a manufacturing error relating to the mask-side re- 
fraction surface of the first fly's eye member 8a (refrac- 
tion surface of the cylindrical lens group 11b) is then ex- 
cessive. 

[0056] Similarly, a lowering of the lower limit of the 
condition (2) is not preferable because the influence 
then exerted on the illuminance distribution on the wafer 
conjugate plane of a manufacturing error relating to the 
light-source side refraction surface of the second fly's 
eye member 8b (refraction surface of the cylindrical lens 
group 1 2a) is then excessive. Also, a raising of the upper 
limit of the condition (2) is not preferable because the 
influence then exerted on the illuminance distribution on 
the wafer conjugate plane of a manufacturing error re- 
lating to the light-source side refraction surface of the 
first fly's eye member 8a (refraction surface of the cylin- 
drical lens group 11a is then excessive. 
[0057] Further, according to the present embodiment, 
the first fly's eye member 8a is preferably formed from 
silica and the second fly's eye member 8b is preferably 
formed from a crystal material that is transmissive to the 
exposure light. Here, materials that can be employed as 
a crystal material that is transmissive with respect to 
light of a wavelength of 250 nmor loss include fluorite, 
quartz crystal, magnesium fluoride : barium fluoride, lith- 
ium fluoride, lanthanum fluoride, strontium fluoride, be- 
ryllium fluoride, sodium fluoride, LICAF (LiCaAIF 6 : Lith- 
ium Calcium Aluminum Fluoride), andLISAF (LiSrAIF 6 : 
Lithium Strontium Aluminum Fluoride). 
[0058] The above crystal material is an optical mate- 
rial that is not readily damaged even by light irradiation 
with a relatively high energy density. As shown in Fig. 
3A and 3B, in the micro fly's eye lens 8, the energy den- 
sity of the light irradiation of the second fly's eye member 
8b disposed on the mask side is higher than that of the 
first fly's eye member 8a disposed on the light-source 
side. Therefore, silica, for which the material costs and 
manufacturing costs are low, is preferably used for the 
first fly's eye member 8a for which the energy density is 
relatively low ; while the above crystal material for which 
the material costs and manufacturing costs are relative- 
ly high but that possesses the characteristic of not being 



readily damaged by light irradiation is preferably em- 
ployed for the second fly's eye member 8b for which the 
energy density is relatively high. 

[0059] Also, for the same reasons, of the first fly's eye 

5 member and the second fly' s eye member, a fly' s eye 
member in which region irradiated with light at an energy 
density equal to or more than 1 mJ/cm 2 is present is 
preferably formed by the above crystal material. This 
means that, in a case where region irradiatedwith light 

10 at an energy density equal to or more than 1 mJ/cm 2 is 
present in both the first fly's eye member 8a and also 
the second fly's eye member 8b, the fly's eye member 
8a and also the fly's eye member 8b are preferably both 
formed by the above crystal material. 

15 [0060] In addition, according to the present embodi- 
ment, alignment of the first fly's eye member 8a and the 
second fly's eye member 8b, that is, the optical align- 
ment of the cylindrical lens group 11a formed on the 
light-source side of the first fly's eye member 8a and the 

20 cylindrical lens group 11b formed on the light-source 
side of the second fly's eye member 8b, as well as the 
optical alignment of the cylindrical lens group 12a 
formed on the mask-side surface of the first fly's eye 
member Ba and the cylindrical lens group 12b formed 

25 on the mask-side surface of the second fly' s eye mem- 
ber 8b is essential. 

[0061] Therefore, according to the present embodi- 
ment, it is preferable that the first fly's eye member 8a 
and the second fly's eye member 8b should be aligned 

30 while using an appropriate observation device such as 
a microscope, for example, to observe the first fly's eye 
member 8a and the second fly's eye member 8b along 
the optical axis AX, so that the marks 1 3a formed on the 
light source-side surface of the first fly's eye member 8a 

35 and the marks 1 3b formed on the light source-side sur- 
face of the second fly's eye member 8b coincide in the 
X direction, and so that the marks 14a formed on the 
mask-side surface of the first fly's eye member 8a and 
the marks 14b formed on the mask-side surface of the 

40 second fly's eye member 8b coincide in the Z direction. 
[0062] Fig. 4A and 4B show an aspect in which the 
micro fly's eye lens is provided with a pair of corrective 
filters with respect to the cylindrical lens groups of the 
light source side and the cylindrical lens groups of the 

45 irradiation surface side respectively. Further, Figs. 5 and 
6 show an outline of the constitution and disposition of 
a first corrective filter and a second corrective filter re- 
spectively. In this embodiment, as shown in Fig. 4A and 
4B : a first corrective filter (random patterned filter) 15 

50 that serves to correct, in the X direction, the illuminance 
distribution (unevenness in illuminance) on the wafer 
surface (irradiation surface) is preferably provided at the 
entrance pupil position pertaining to the X direction of 
the micro fly's eye lens 8 or in the vicinity of the entrance 

55 pupil position. Further, a second corrective filter (ran- 
dom patterned filter) 1 6 that serves to correct, in the Y 
direction (the direction corresponding optically to the 
second direction of the micro fly's eye lens 8), the illu- 
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minance distribution (unevenness in illuminance) on the 
wafer conjugate plane (irradiation surface) is preferably 
provided at the entrance pupil position pertaining to the 
Z direction of the micro fly's eye lens 8 or in the vicinity 
of the entrance pupil position. 

[0063] As shown in Fig 5. Lhe firsl correclive Tiller 15 
lakes lhe form of a plane parallel piale lhal is lhe same 
as the first fly's eye member 8a overall. A!so ; rectangular 
random patterns 15a that extend so as to be long and 
narrow in the Z direction are formed at a pitch p1 in the 
X direction, in the light source-side surface of the first 
corrective filter 15 (generally one face) so as to corre- 
spond with each cylindrical lens of the cylindrical lens 
group 1 2a formed on the light source-side surface of the 
first fly's eye member 8a. Also, a pair of linear marks 
15b that extends in the Z direction is formed on the light 
source-side surface of the first corrective filter 1 5 so as 
to correspond with the pair of marks 13a formed on the 
light source-side surface of the first fly's eye member 8a. 
[0064] Similarly, as shown in Fig. 6. the second cor- 
rective filter 16 also takes the form of a plane parallel 
plate., and rectangular random patterns 16a that extend 
so as to be long and narrow in the X direction are formed 
at a pitch p2inthe Z direction, on one face of the second 
corrective filter 16 so as to correspond with each cylin- 
drical lens of the cylindrical lens group 12b formed on 
the light source-side surface of the second fly's eye 
member 8b. Also, a pair of linear marks 1 5b that extend 
in the Z direction are formed on one face of the second 
corrective filter 16 so as to correspond with the pair of 
marks 1 4a formed on the mask-side surface of the first 
fly's eye member 8a (and with the pair of marks 14b 
formed on the mask-side su rf ace of the second fly's eye 
member 8b). Further, marks 1 5b and 1 6b are, for exam- 
ple, linear grooves marked on lhe subslrale constituting 
the first corrective filter 1 5 and the second corrective fil- 
ter 16. 

[0065] Thus, a uniform illuminance distribution can be 
obtained on the wafersurface (irradiation surface) under 
the action of the first corrective filter 15 and the second 
corrective filter 16. However, in this case, alignment of 
the first corrective filter 1 5 and the second corrective fil- 
ter 1 6, and of the first fly's eye member 8a and the sec- 
ond fly's eye member 8b : that is, the optical alignment 
of the cylindrical lens group 11a formed on the light 
source-side surface of the first fly's eye member 8a and 
of the plurality of random patterns 15a formed on the 
light source-side surface of the first corrective filter 15, 
as well as the optical alignment of the cylindrical lens 
group 12a formed on the mask-side surface of the first 
fly's eye member 8a (and the cylindrical lens group 1 2b 
formed on the mask-side surface of the second fly's eye 
member 8b) andof the plurality of random patterns 1 6a 
formed on the light source-side surface of the second 
corrective filter 16 is essential. 

[0066] Therefore, according to the present embodi- 
ment, it is preferable that the first corrective filter 1 5 and 
the second corrective filter 16, and the first fly's eye 



member 8a and the second fly' s eye member 8b should 
be aligned while using a microscope, for example, to ob- 
serve the first corrective filter 1 5 and the second correc- 
tive filter 16 : and the first fly's eye member 8a and the 

5 second fly's eye member 8b along the optical axis AX. 
so thai lhe marks 13a formed on the light source-side 
surface of the first Tly's eye member 8a and lhe marks 
15b formed on the light source-side surface of the first 
corrective filter 1 5 coincide in the X direction, and so that 

10 the marks 14a formed on the mask-side surface of the 
first fly's eye member 8a (as well as the marks 14b 
formed on the mask-side surface of the second fly's eye 
member 8b) and the marks 16b formed on the light 
source-side surface of the second corrective filter 1 6 co- 

15 incide in the Z direction. 

[0067] Further in the above description, the first cor- 
rective filter 1 5 is provided at the entrance pupil position 
pertaining to the X direction of the micro fly's eye lens 8 
or in the vicinity of this entrance pupil position, and the 

20 second corrective filter 16 is provided at the entrance 
pupil position'pertaining to the Z direction or in the vicin- 
ity of this entrance pupil position. However, the installa- 
tion of the second corrective filter 16 can also be dis- 
pensed with in a case of an exposure device that per- 

25 forms scanning exposure according to the step and 
scan method. Stated differently, the installation of both 
the first corrective filter 1 5 and the second corrective fil- 
ter 1 6 is desirable in a case of an exposure device that 
performs batchwise exposure in accordance with the 

30 step and repeat method. 

[0068] When the present embodiment is applied to a 
scanning exposure-type exposure device, because the 
pitch p1 in the X direction of the cylindrical lens groups 
11a and 11b Is set smaller than the pitch p2 in the Z 

35 direction of the cylindrical lens groups 12a and 12b, a 
rectangular exposure region that is long und narrow in 
the Y direction (the direction which corresponds optical- 
ly to the Z direction of the micro fly's eye lens 8) is initially 
formed on the wafer W that follows the plane XY. Fur- 

^0 thcr. the mask pattern is scanned in the X direction on 
the wafer W, and, as a result of scanning exposure, a 
rectangular exposure region that has a size in the Y di- 
rection that corresponds to the pitch p2 and a size in the 
X direction that corresponds to the movement distance 

45 (scanning distance) is ultimately formed. In other words, 
the X direction is the scanning direction and the Y direc- 
tion is the non-scanning direction. 
[0069] In this case, illuminance unevenness in the 
scanning direction on the wafer W, that is, in the X di- 

50 rection, are reduced by the equalizing effect resulting 
from scanning exposure, and it is therefore possible to 
dispense with the installation of the first corrective filter 
1 5 that serves to correct illuminance unevenness on the 
surface of the wafer W in the X direction. Further, refer- 

55 ence can be made to the Japanese Patent Application 
Laid-Open No. H7-1 30600, and so forth, for example, 
for a more detailed description of the constitution and 
action of corrective filters (random patterned filters). 
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[0070] Furthermore, in a case where the present em- 
bodiment is applied to a scanning exposure-type expo- 
sure device, the pitch p1 in the X direction of the cylin- 
drical lens group 11 a formed on the light source-side 
surface of the first fly's eye member 8a is preferably set 
smaller Lhan the pilch p2 in the Z direction of the cylin- 
drical lens group 11b formed on the mask side of Ihe 
first fly's eye member 8a. As a result of this constitution, 
the cylindrical lens group 11bthat has a larger numerical 
aperture than the cylindrical lens group 11a can be dis- 
posed on the mask side, and hence an optical design in 
which aberration is favorably suppressed is feasible. 
[0071] Further, in this case, when the pitch p2 in the 
Z direction of the cylindrical lens group 11b formed on 
the mask side of the first fly's eye member 8a is a, and 
the pitch p1 in the X direction of the cylindrical lens group 
11a formed on the light-source side of the first fly's eye 
member 8a is b, 1.2<a/b (=p2/p1) <13.0 is preferably 
satisfied, and, more preferably, 2.6<a/b<4.0 is prefera- 
bly satisfied. 

[0072] Further, according to the present embodiment, 
at least one of the first fly's eye member 8a and the sec- 
ond fly's eye member 8b is preferably constituted so as 
to be movable. More specifically, at least one of the first 
fly' s eye member 8a and the second fly's eye member 
8b is preferably constituted so as to be movable along 
the optical axis AX. As a result of this constitution, the 
size of the illumination region on the irradiation surface 
(mask surface or wafer surface) can be controlled by 
moving at least one of the first fly's eye member 8a and 
the second fly's eye member 8b along the optical axis 
AX. 

[0073] Also in this case, by introducing a higher order 
acylindrical surface that corresponds to a higher order 
aspheric surface lo at least one of Lhe lighl-source side 
refraction surface and mask-side refraction surface of 
the first fly's eye member 8a, the illuminance distribution 
(particularly surface unevenness) in the irradiation sur- 
face can be controlled. Here, the higher order aspherical 
surface is an aspherical surface that comprises an as- 
pherical surface coefficient which is an eighth order as- 
pherical surface coefficient C 8 and beyond, and when 
the height thereof in the direction perpendicular to the 
optical axis is y, the distance along the optical axis (sag 
amount) from the tangential plane at the apex of the as- 
pherical surface to a position on the aspherical surface 
at the height y is z, the apex radius of curvature is r, the 
cone coefficient is k, and the n-th order aspherical sur- 
face coefficient is C n , this aspherical surface may be ex- 
pressed by the numerical formula (a). 

z=(y 2 /r)/[1+{1-(1+K) -y 2 /r 2 } 1 /?] 
+C 4 .y 4 +C 6 .y 6 +C 8 -y 8 +C 1 0 y 1 0 

^ 12 .y 12 iC 14 yV (a) 



[0074] Further, at least one of the first fly's eye mem- 
ber 8a and the second fly's eye member 8b is preferably 
constituted so as to be movable in at least one of the X 
direction and the Z direction. As a result of this consti- 

5 tutlon, the size of the illumination region of the irradiation 
surface and lhe illuminance distribution (till irregularity) 
of the irradiation surface, and the like, can be controlled 
by moving at least one of the first fly's eye member 8a 
and the second fly's eye member 8b in the X direction 

10 or the Z direction (in a direction that intersects the optical 
axis, typically a direction orthogonal to the optical axis). 
[0075] In addition, at least one of the first fly's eye 
member 8a and the second fly's eye member 8b is pref- 
erably constituted so as to be rotatable around at least 

15 one of the X direction and the Z direction (in a direction 
that intersects the optical axis, typically a direction or- 
thogonal to the optical axis). As a result of this constitu- 
tion, the illuminance distribution of the illuminated pupil 
plane can be controlled by rotating at least one of the 

20 first fly's eye member 8a and the second fly' s eye mem- 
ber 8b around the X direction or the Z direction, and the 
telecentricity (more particularly, the tilt component of the 
telecentricity) on the irradiation surface can be control- 
led. Here, the first fly's eye member 8a is divided into a 

25 fly's eye member that comprises the cylindrical lens 
group 11a and a fly's eye member that comprises the 
cylindrical lens group 12a, while the second fly' s eye 
member 8b is divided into a fly' s eye member that com- 
prises the cylindrical lens group 11b and a fly's eye 

30 member that comprises the cylindrical lens group 12b. 
These four fly's eye members can preferably be adjust- 
ed individually. An improvement in the controllability of 
the tilt component of the telecentricity on the irradiation 
surface is thus permitted. Further, in a case where the 

35 substrate constituting the Nrsl fly's eye member 8a or 
the second fly's eye member 8b does not take the overall 
form of a parallel plane due to a manufacturing error but 
is instead 'wedge-shaped', an optical adjustment serv- 
ing to correct this condition can be performed. 

^0 [0076] Further, at least one of the first fly's eye mem- 
ber 8a and the second fly's eye member Bb is preferably 
constituted so as to be rotatable in the Y direction (in a 
direction that intersects the optical axis, typically in a di- 
rection orthogonal to the optical axis, and preferably in 

45 a direction orthogonal to the pitch of the cylindrical lens 
groups of the fly's eye member) . As a result of this con- 
stitution, in a case where the cylindrical lens group of 
the first fly's eye member 8a or the second fly's eye 
member 8b is formed so as to be slightly tilted with re- 

50 spect to the X direction or Z direction as a result of a 
manufacturing error or the like, an optical adjustment 
serving to correct this condition can be made by rotating 
at least one of the first fly's eye member 8a and the sec- 
ond fly's eye member 8b in the Y direction. 

55 [0077] Furthermore, according to the present embod- 
iment, in order to secure uniformity of the numerical ap- 
erture of the light beam over the whole of the irradiation 
surface (the mask surface or wafer surface), the micro 
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fly's eye lens 8 desirably satisfies a sine condition. In 
this case, by introducing a lower order acylindrical sur- 
face that corresponds to a lower order aspheric surface 
to at least one ot the light-source side refraction surface 
and mask-side refraction surface of the second fly's eye 
member 8b (preferably by introducing a lower order acy- 
lindrical surrace thai corresponds lo a lower order as- 
pheric surface to the mask-side refraction surface of the 
second fly's eye member 8b), the micro fly's eye lens 8 
can be set so as to satisfy the sine condition. Here, the 
lower order asphcrical surface is an asphcrical surface 
that comprises an asphcrical surface coefficient which 
is a sixth order aspherical surface coefficient C 6 and 
lower. Here : in order to secure uniformity of the numer- 
ical aperture of the light beam while maintaining illumi- 
nance uniformity over the whole of the irradiation sur- 
face (the mask surface or wafer surface or mask con- 
jugate plane (reticleblind surface))., the optical condens- 
er system 9 that is positioned closer to the mask side 
than the micro fly's eye lens 8 also preferably satisfies 
a sine condition. 

[0078] Further by constituting the micro fly's eye lens 
8 so as to be lie slightly outside the sine condition and 
affording the light beam that enters the micro fly's eye 
lens 8 an angle of inclination (changing the angle of the 
light beam with respect to the optical axis), the tilt com- 
ponent of the illuminance distribution of the irradiation 
surface (tilt irregularity) can be adjusted. Here, the rota- 
tional symmetry component (surface unevenness) of 
the illuminance unevenness generated as a result of the 
micro fly's eye lens 8 being outside the sine condition 
can be corrected if the above-described corrective filters 
15 and 16 are used. In this case also, the optical con- 
denser system 9 that is positioned closer to the irradia- 
tion surface side Lhan the micro fly's eye lens 8 prefer- 
ably satisfies the sine condition. 

[0079] As for the constitution permitting adjustment of 
the angle of the light beam that enters the micro fly's eye 
lens 8, employable constitutions include a constitution 
that, in a case where an optical path folding mirror that 
is positioned closer to the light-source side than the mi- 
cro fly's eye lens 8 is present, for example, adjusts the 
installation angle of this optical path folding mirror; a 
constitution in which a plane parallel plate, which is pro- 
vided so as to be rotatable and whose axis of rotation is 
a direction orthogonal to the optical axis, is provided in 
the light path closer to the light-source side than the 
zoom lens 7 (preferably in the light path between the 
zoom lens 7 and the diffractive optical element 6), and 
this plane parallel plate is inclined about the axis of ro- 
tation; a constitution in which a pair of wedge-shaped 
prisms with an axis of rotation in a direction along the 
optical axis are provided in the optical path upstream of 
the micro fly' s eye lens 8 (preferably between the zoom 
lens 7 and the micro fly's eye lens 8), and which adjusts 
the overall declination by changing the relative angle of 
the pair of wedge-shaped prisms; and a constitution that 
allows a partial lens in the zoom lens 7 to be displaced 



in a direction that transects the optical axis (typically a 
direction orthogonal to the optical axis). 
[0080] Thus, the illuminance unevenness on the irra- 
diation surface can be successively changed by means 
5 of a procedure that involves moving the first fly' s eye 
member 8a and Ihe second fly's eye member 8b and 
changing Ihe angle aL which Lhe light beam enLers the 
micro fly's eye lens 8. 

[0081] According to the exposure device of the em- 
fo bodiments described above, a microdevice (a semicon- 
ductor device, an image pickup clement, a liquid crystal 
display device, or a thin-film magnetic head, or the like) 
can be fabricated by illuminating a mask (reticle) by 
means of an optical illumination device (illumination 
15 step) : and exposing a transfer pattern formed on a mask 
by using a projection optical system onto a photosensi- 
tive substrate (exposure step). An example of the pro- 
cedure involved in obtaining a semiconductor device 
constituting a microdevice by using the exposure device 
20 of the embodiments described above to form a prede- 
termined circuit pattern on a wafer that is a photosensi- 
tive substrate, or similar, will now be described below 
with reference to the flowchart in Fig. 7. 
[0082] First of all, a metal film is deposited on a single 
25 lot of wafers in step 301 of Fig. 7. In the next step 302, 
a photoresist is coated on the metal film on this single 
lot of wafers. Thereafter, in step 303. the exposure de- 
vice of the above-described embodiments is used to se- 
quentially expose and transfer the image of the pattern 
30 on the mask to each shot region on this single lot of wa- 
fers via a projection optical system. Then, in step 304, 
development ot the photoresist on the single lot of wa- 
fers is performed, and then, in step 305, a circuit pattern 
that corresponds to the pattern on the mask is formed 
35 in the shoL regions on lhe wafers by performing elching 
with the resist pattern on the single lot of wafers serving 
as the mask. Thereafter, a device such as a semicon- 
ductor element is fabricated by also forming a circuit pat- 
tern in an upper layer. According to the above-described 
semiconductor device fabrication method, semiconduc- 
tor devices that have an extremely detailed circuit pat- 
tern can be obtained with a favorable throughput. 
[0083] Also, according to the exposure device of the 
above-described embodiments, a liquid crystal display 
45 device constituting a microdevice can also be obtained 
by forming a predetermined pattern (a circuit pattern, an 
electrode pattern, and the like) on a plate (glass sub- 
strate). An example of the procedure involved will be de- 
scribed below with reference to the flowchart of Fig. 8. 
50 in Fig. 8, in a pattern forming step 401, the exposure 
device of the above-described embodiments is used to 
execute a so-called photolithography step that involves 
transferring and exposing a mask pattern onto a photo- 
sensitive substrate (a glass substrate coated with a re- 
55 sist, or similar). Asa result of this photolithography step, 
a predetermined pattern comprising a multiplicity of 
electrodes and the like is formed on the photosensitive 
substrate. Then a predetermined pattern is formed on 
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the substrate by subjecting the exposed substrate to 
steps such as a development step, an etching step, and 
a resist detachment step, whereupon the processing 
proceeds with the following color filter formation step 
402. 

[0084] Next, in the color Tiller formation step 402, a 
color filler is formed in which of a mulliplicily of sels of 
three dots corresponding to R(Red), G(Green), and B 
(Blue) are arranged in the form of a matrix, or a plurality 
of filter sets comprising three stripes R, G, and B are 
arranged in the horizontal scanning direction. Further, a 
cell assembly step 403 is executed after the color filter 
formation step 402. In the cell assembly step 403, a liq- 
uid crystal panel (liquid crystal cell) is assembled by us- 
ing the substrate having the predetermined pattern ob- 
tained in the pattern forming step 401 , and the color filter 
obtained in the color filter formation step 402. For ex- 
ample, in the cell assembly step 403, the liquid crystal 
panel (liquid crystal cell) is fabricated by injecting liquid 
crystals between the substrate with the predetermined 
pattern obtained in the pattern forming step 401 , and the 
color filter obtained in the color filter formation step 402. 
[0085] Thereafter, in a module assembly step 404, a 
liquid crystal display element is completed by attaching 
parts such as an electric circuit for the display operation 
of the assembled liquid crystal panel (liquid crystal cell), 
and a backlight. According to the above-described liquid 
crystal display element fabrication method, liquid crystal 
display elements that have an extremely detailed circuit 
pattern can be obtained with a favorable throughput. 
[0086] Further, although, in the above-described em- 
bodiment, the present invention was applied to a micro 
fly's eye lens 8 with a minimum pitch p1 of 2 mm or less, 
the present invention is not limited to such an applica- 
tion, ll is also possible lo apply the present invention to 
an ordinary fly's eye lens in which the minimum pitch p1 
exceeds 2 mm. However, in this case, depending on re- 
quirements, an aperture diaphragm (various annular ap- 
erture diaphragms : quadripolar aperture diaphragms, 
circular aperture diaphragms, and iris diaphragms and 
so forth) serving to restrict the light beam in the vicinity 
of the exit face of the fly's eye lens is installed. 
[0087] Further, the present invention is not limited to 
or by the above embodiment. It is also possible to apply 
the micro fly's eye lens 8 of the present embodiment in 
place of the fly's eye lens 8 of the optical illumination 
device disclosed by Japanese Patent Application Laid- 
Open No. 2002-75835, for example. The micro fly's eye 
lens 8 of the present embodiment can also be applied 
in place of the fly's eye lens 8 of the optical illumination 
device disclosed by the Japanese Patent Application 
Laid-Open No. 2001-176766, for example. Moreover, 
the micro fly's eye lens 8 of the present embodiment can 
also be applied in place of the fly's eye lens 1 008 of the 
optical illumination device disclosed with reference to 
Fig. 43 by European Patent Application Laid-Open No. 
1014196, for example. 

[0088] Furthermore, in the above-described embodi- 
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ment, light from a secondary light source is condensed- 
by an optical condenser system 9 that is an optical light 
guiding system and thus illuminates a mask M by way 
of superposition. However, the present invention is not 

5 limited to or by such a configuration. An illumination field 
slop (mask blind) , and an optical relay syslem lhal 
forms the image of the illumination field slop on the mask 
M may be disposed in the light path between the optical 
condenser system 9 and themaskM. Here, the optical 

10 condenser system 9 illuminates the illumination field 
stop by way of superposition by condensing light from 
the secondary light source, and the optical relay system 
forms the image of the aperture (light transmission sec- 
tion) of the illumination field stop on the mask M. 

15 [0089] Further, in the above-described embodiment, 
although KrF excimer laser light (wavelength: 248 nm), 
ArF excimer laser light (wavelength: 193 nm), , and F 2 
laser light (wavelength: 157mm), and the like, is em- 
ployed, usage is not limited to such light, it being also 

20 possible to apply the present invention to exposure light 
with a wavelength of 250 nm or less, for example. In 
addition, according to the above-described embodi- 
ment, the present invention was described by way of the 
example of a projection exposure device comprising an 

25 optical illumination device. However, it is clear that the 
present invention can be applied to a general optical il- 
lumination device for illuminating an irradiation surface 
other than that of a mask. 

[0090] As described hereinabove, according to the 
30 present embodiments, a micro fly's eye lens that com- 
prises a pair of fly's eye members formed with cylindrical 
lens groups are employed as an optical integrator for 
forming a secondary light source on the illuminated pupil 
plane. As a result, unlike an ordinary fly's eye lens in 
35 which Ihe refraction surfaces are formed as a two-di- 
mensional curved surface (spherical surface), each re- 
fraction surface is formed as a one-dimensional curved 
surface (cylindrical surface), and hence processing is 
straightforward, and manufacturing costs can be re- 
*o duced. 

[0091] Moreover, according to the present embodi- 
ments, because an optical integrator is disposed in the 
light path between the light source and the micro fly's 
eye lens, the light sources constituting a multiplicity of 

45 light sources (secondary light source) formed on a fo- 
cusing plane that follows the micro fly's eye lens are en- 
larged, whereby the intervals between the light sources 
are reduced. As a result, according to the present em- 
bodiments, it is possible to fabricate a favorable device 

50 by performing favorable projection exposure with a fa- 
vorable image forming capacity by improving the fill of 
the multiplicity of light sources that constitute the sec- 
ondary light source formed on the illuminated pupil 
plane. 

55 [0092] Whereas several preferred embodiments of 
the present invention and variations thereof have been 
described above, these examples have been presented 
merely for purposes of describing the invention and it is 



13 



BNSDOCID: <EP 1 367442A2_I_> 



25 



EP 1 367 442 A2 



25 



wherein any one of the first fly's eye member and 
the second fly's eye member in which region irradi- 
ated with light at an energy density equal to or more 
than 1 mJ/cm 2 is present comprises a crystal ma- 
5 terial that is transmissive with respect to light with 

a wavelength of 250 nm or less. 

5. The optical illumination device according to claim 1 . 
wherein the first fly' s eye member comprises silica 

10 and the second fly's eye member comprises a crys- 

tal material that is transmissive with respect to light 
with a wavelength of 250 nm or less. 

6. The optical illumination device according to claim 5 : 
15 wherein the crystal material contains at least one 

material selected from a group consisting of fluorite : 
quart7 crystal, magnesium fluoride, barium fluoride, 
lithium fluoride, lanthanum fluoride, strontium fluo- 
ride, beryllium fluoride, sodium fluoride. LICAR and 
20 LISAF. 

7. The optical illumination device according to claim 1 . 
wherein any one of the first fly's eye member and 
the second fly's eye member in which region irradi- 

25 ated with light at an energy density equal to or more 
than 1 mJ/cm 2 is present comprises a crystal ma- 
terial that is transmissive with respect to light with 
a wavelength of 250 nm or less. 

30 8. The optical illumination device according to claim 7, 
wherein the crystal material contains at least one 
material selected from a group consisting of fluorite, 
quartz crystal, magnesium fluoride, barium fluoride, 
lithium fluoride, lanthanum fluoride, strontium fluo- 

35 ride, beryllium fluoride, sodium fluoride. LICAF, and 

LISAF. 

9. The optical illumination device according to claim 7, 
wherein alignment marks for aligning the first fly's 

40 eye member and the second fly's eye member arc 

formed on the first fly's eye member and the second 
fly's eye member. 

1 0. The optical illumination device according to claim 7, 
45 wherein a corrective filter for correcting the illumi- 
nance distribution on the irradiation surface is pro- 
vided at least one of an entrance pupil position with 
respect to the first direction of the fly's eye lens or 
in the vicinity of this entrance pupil position, and an 

so entrance pupil position with respect to the second 
direction of the fly's eye lens or in the vicinity of this 
entrance pupil position. 



not intended that the invention should be limited thereto. 
The present invention may be carried out in the context 
of a wide variety of modes and embodiments other than 
those specifically presented herein. 



Claims 

1. An optical illumination device for illuminating an ir- 
radiation surface with a light beam from a light 
source, comprising: 

an optical integratorwhich is disposed in an op- 
tical path between the light source and the irra- 
diation surface; and 

a fly's eye lens which is disposed in an optical 
path between the optical integrator and the ir- 
radiation surface and which forms a multiplicity 
of light sources from the light beam output from 
. the optical integrator. 

the fly's eye lens comprising, in order from the 
light source side, a first fly's eye member and 
a second fly's eye member, 
each of the light source-side surface of the first 
fly's eye member and the light source-side sur- 
face of the second fly' s eye member being 
formed with a cylindrical lens group such that 
the cylindrical lenses are arranged in a first di- 
rection, and 

each of the irradiation surface-side surface of 
the first fly's eye member and the irradiation 
surface-side surface of the second fly's eye 
member being formed with a cylindrical lens 
group such that the cylindrical lenses are ar- 
ranged in a second direction orthogonal Lo the 
first direction. 

2. The optical illumination device according to claim 1 , 

wherein, when the radius of curvature of each 
cylindrical lens formed on the light source-side sur- 
face of the first fly's eye member is Ra, the radius 
of curvature of each cylindrical lens formed on the 
light source-side surface of the second fly's eye 
member is Rb, the radius of curvature of each cy- 
lindrical lens formed on the irradiation surface-side 
surface of the first fly's eye member is Rc, and the 
radius of curvature of each cylindrical lens formed 
on the irradiation surface-side surface of the second 
fly's eye member is Rd, the conditions 0.3<Rd/ 
Rc<0.5 and 0.3<Rb/Ra<0.5 are satisfied. 

3. The optical illumination device according to claim 2, 
wherein the first fly* s eye member comprises silica 
and the second fly's eye member comprises a crys- 
tal material that is transmissive with respect to light 
with a wavelength of 250 nm or less. 

4. The optical illumination device according to claim 2, 



1 1 . The optical illumination device according to claim 7, 
55 wherein at least one of the pitch in the first direction 
of the cylindrical lens groups formed on the light 
source-side surface of the first fly's eye member and 
the light source-side surface of the second fly's eye 
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member, and the pitch in the second direction of the 
cylindrical lens groups formed on the irradiation sur- 
face-side surface of the first fly's eye member and 
the irradiation surface-side surface of the second 
fly' s eye member is equal to or less than 2 mm. 

12. The optical illuminalion device according lo claim 7, 
wherein at least one of the first fly' s eye member 
and the second fly's eye member is movable. 

13. The optical illumination device according to claim 1 , 
wherein alignment marks for aligning the first fly's 
eye member and the second fly's eye member are 
formed on the first fly's eye member and the second 
fly's eye member. 

14. The optical illumination device according to claim 
13, wherein the alignment marks include linear 
marks extending in the second direction in the light 
source-side surface of the first fly's eye member and 
in the light source-side surface of the second fly's 
eye member, and linear marks extending in the first 
direction in the irradiation surface-side surface of 
the first fly's eye member and in the irradiation sur- 
face-side surface of the second fly's eye member. 

15. The optical illumination device according to claim 
13, wherein a corrective filter for correcting the illu- 
minance distribution on the irradiation surface is 
provided at least one of an entrance pupil position 
with respect to the first direction of the fly's eye lens 
or in the vicinity of this entrance pupil position, and 
an entrance pupil position with respect to the sec- 
ond direction of the fly's eye lens or in the vicinity of 
this entrance pupil position. 

16. The optical illumination device according to claim 1 , 
wherein a corrective filter for correcting the illumi- 
nance distribution on the irradiation surface is pro- 
vided at least one of an entrance pupil position with 
respect to the first direction of the fly's eye lens or 
in the vicinity of this entrance pupil position, and an 
entrance pupil position with respect to the second 
direction of the fly's eye lens or in the vicinity of this 
entrance pupil position. 

17. The optical illumination device according to claim 

16, wherein second alignment marks for aligning 
the corrective filter with the first fly's eye member or 
the second fly's eye member are formed on the cor- 
rective filter. 

18. The optical illumination device according to claim 

1 7, wherein the second alignment marks include lin- 
ear marks formed in the first direction or the second 
direction. 

19. The optical illumination device according to the 



BNSDOCID: <EP 1367442A2_I_> 



claim 1 , wherein at least one of the pitch in the first 
direction of the cylindrical lens groups formed on the 
light source-side surface of the first fly's eye mem- 
ber and the light source-side surface of the second 

5 fly's eye member and the pitch in the second direc- 

tion of the cylindrical lens groups formed on the ir- 
radiation surface-side surface of the first fly's eye 
member and the irradiation surface-side surface of 
the second fly 1 s eye member is equal to or less than 

10 2 mm. 

20. The optical illumination device according to claim 
19, wherein at least one of the first fly' s eye member 
and the second fly's eye member is movable. 

15 

21 . The optical illumination device according to claim 1 , 
wherein at least one of the first fly's eye member 
and the second fly's eye member is movable, 

20 22. The optical illumination device according to claim 

21, wherein at least one of the first fly's eye member 
and the second fly' s eye member is movable along 
the optical axis for the purpose of controlling the 
size of the illumination region on the irradiation sur- 

25 face or controlling the illuminance distribution on the 
irradiation surface. 

23. The optical illumination device according to claim 

22, wherein at least one of the first fly's eye member 
30 and the second fly's eye member is movable in at 

least one of the first direction and the second direc- 
tion for the purpose of controlling the size of the il- 
lumination region on the irradiation surface or con- 
trolling the illuminance distribution on the irradiation 
35 surface. 

24. The optical illumination device according to claim 

23, wherein at least one of the first fly's eye member 
and the second fly's eye member is rotatable 

40 around at least one of the first direction and the sec- 

ond direction for the purpose of controlling the illu- 
minance distribution on the illumination pupil plane. 

25. The optical illumination device according to claim 
45 22, wherein at least one of the first fly's eye member 

and the second fly's eye member is rotatable 
around at least one of the first direction and the sec- 
ond direction for the purpose of controlling the illu- 
minance distribution on the illumination pupil plane. 

50 

26. The optical illumination device according to claim 
21 , wherein at least one of the first fly's eye member 
and the second fly's eye member is movable in at 
least one of the first direction and the second direc- 

55 tion for the purpose of controlling the size of the il- 
lumination region on the irradiation surface or con- 
trolling the illuminance distribution on the irradiation 
surface. 
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27. The optical illumination device according to claim 
26. wherein at least one of the first fly's eye member 
and the second fly's eye member is rotatable 
around at least one of the first direction and the sec- 
ond direction for the purpose of controlling the illu- 
minance distribution on the illumination pupil plane. 

28. The optical illumination device according to claim 
21 . wherein at least one of the first fly's eye member 
and the second fly' s eye member is rotatable aroun 
at least one of the first direction and the second di- 
rection for the purpose of controlling the illuminance 
distribution on the illumination pupil plane. 

29. An exposure device, comprising: 

the optical illumination device according to 
claim 1 ; and 

an optical projection system for projection-ex- 
posing a pattern of a mask disposed on the ir- 
radiation surface onto a photosensitive sub- 
strate. 

30. The exposure device according to claim 29. where- 
in the mask pattern is projection-exposed onto the 
photosensitive substrate by causing the mask and 
the photosensitive substrate to undergo relative 
motion with respect to the optical projection system 
in a direction that corresponds optically with the first 
direction. 

31. An exposure method, comprising the steps of: 

illuminating a mask via the optical illumination 
device according to claim 1 ; and 
projection-exposing the image of the pattern on 
the mask thus illuminated onto a photosensitive 
substrate. 

32. The exposure method according to claim 31 , where- 
in the mask pattern is projection-exposed onto the 
photosensitive substrate by causing the mask and 
the photosensitive substrate to undergo relative 
motion with respect to the optical projection system 
in a direction that corresponds optically with the first 
direction. 

33. An optical illumination device for illuminating an ir- 
radiation surface with a light beam from a light 
source, comprising: 

an optical integrator which is disposed in an op- 
tical path between the light source and the irra- 
diation surface; and 

a fly's eye lens which is disposed in an optical 
path between the optical integrator and the ir- 
radiation surface and which forms a multiplicity 
of light sources from the light beam output from 



the optical integrator 

the fly's eye lens comprising, in order from the 
light source side, a first fly's eye member and 
a second fly's eye member. 

5 each of the light source-side surface of the first 

fly's eye member and the light source-side sur- 
face of the second fly's eye member being 
formedwith a cylindrical lens group such that 
the cylindrical lenses are arranged in a first di- 

10 rectioa and 

each of the irradiation surface-side surface of 
the first fly's eye member and the irradiation 
surface-side surface of the second fly's eye 
member being formed with a cylindrical lens 

15 group such that the cylindrical lenses are ar- 

ranged in a second direction orthogonal to the 
first direction, 

wherein at least one of the pitch in the first 
20 direction of the cylindrical lens groups formed on the 
light source-side surface of the first fly's eye mem- 
ber and the light source-side surface of the second 
fly's eye member and the pitch in the second direc- 
tion of the cylindrical lens groups formed on the ir- 
25 radiation surface-side surface of the first fly's eye 
member and the irradiation surface-side surface of 
the second fly's eye member is equal to or less than 
2 mm. 

30 34. An optical illumination device for illuminating an ir- 
radiation surface with a light beam from a light 
source, comprising: 

an optical integrator which is disposed in an op- 
35 Ileal path between the light source and the irra- 

diation surface; and 

a fly's eye lens which is disposed in an optical 
path between the optical integrator and the ir- 
radiation surface and which forms a multiplicity 
40 of light sources from the light beam output from 

the optical integrator, 

the fly's eye lens comprising, in order from the 
light source side, a first fly's eye member and 
a second fly's eye member, 

45 each of the light source-side surface of the first 

fly's eye member and the light source-side sur- 
face of the second fly's eye member being 
formed with a cylindrical lens group such that 
the cylindrical lenses are arranged in a first di- 

50 rection, and 

each of the irradiation surface-side surface of 
the first fly's eye member and the irradiation 
surface-side surface of the second fly's eye 
member being formed with a cylindrical lens 

55 group such that the cylindrical lenses are ar- 

ranged in a second direction orthogonal to the 
first direction, 
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wherein at least one of the first fly's eye mem- 
ber and the second fly's eye member is movable. 
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Fig. 2 




19 



BNSDOCID: <EP 1367442A2 I > 



EP 1 367 442 A2 



Fig. 3 A 



8 




Fig.3B 



20 



BNSDOCID: <EP 1 367442A2J_> 



EP 1 367 442 A2 





BNSDOCID: <EP .1367442A2_L> 



21 



EP 1 367 442 A2 




EP 1 367 442 A2 



Fig. 6 



8b 




23 

BNSDOCID: <EP 1367442A2. I_> 



EP 1 367 442 A2 



Fig. 7 



Q START ^ 



DEPOSIT METAL FILM ON WAFER- 



STEP 301 



COAT PHOTORESIST ON THE METAL FILM 



STEP 302 



USE EMBODIMENT EXPOSURE DEVICE TO TRANSFER 
THE IMAGE OF THE PATTERN ON THE RETICLE 
TO THE SHOT REGIONS ON THE WAFER 



] 



DEVELOP PHOTORESIST ON WAFER 1 



STEP 303 



STEP 304 



PERFORM ETCHING USING 
THE RESIST PATTERN 
ON THE WAFER AS THE MASK 



(N 



J- 



STEP 305 



NEXT STEP 



24 



BNSDOCID: <EP 



1367442A2 I > 



EP 1 367 442 A2 



Fig. 8 



START J 



\ 




PATTERN FORMING STEP-j' ^ 




f 



STEP 401 



COLOR FILTER FORMATION STEPf STEP 402 



CELL ASSEMBLY STEP 




MODULE ASSEMBLY STEP 




STEP 403 



STEP 404 



± 



BNSDOCID: <EP 1367442A2_I._> 



25 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

02.11 .2005 Bulletin 2005/44 



(H) EP 1 367 442 A3 

EUROPEAN PATENT APPLICATION 

(51) lntC!7: G03F 7/20 



(43) Date of publication A2: 

03.12.2003 Bulletin 2003/49 

(21) Application number: 03011 173.6 

(22) Date of filing: 27.05.2003 



(84) Designated Contracting States: 

AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
HU IE IT LI LU MC NL PT RO SE SI SK TR 

Designated Extension States: 
AL LT LV WIK 

(30) Priority: 27.05.2002 JP 2002152634 
22.05.2003 JP 2003144198 

(71) Applicant: NIKON CORPORATION 
Tokyo 100-8331 (JP) 



(72) Inventors: 

• Tanaka, Hirohisa, Nikon Corporation 
Chiyoda-ku, Tokyo 100-8331 (JP) 

• Tan its u, Osamu, Nikon Corporation 
Chiyoda-ku, Tokyo 100-8331 (JP) 

• Toyoda, Mitsunori, Nikon Corporation 
Chiyoda-ku, Tokyo 100-8331 (JP) 

(74) Representative: HOFFMANN EITLE 
Patent- und Rechtsanwalte 
Arabellastrasse 4 
81925 Munchen (DE) 



(54) Illumination device 

(57) The present invention provides an optical illu- 
mination device that permits an increase in the fill of a 
multiplicity of lighL sources lhal constitute a secondary 
source formed on an illuminated pupil plane. A fly's eye 
lens that forms a multiplicity of light sources from a light 
beam emitted by an optical integrator is disposed in the 
optical path between the optical integrator and an irra- 
diation surface. The fly's eye lens comprises, in order 
from the light-source side, a first fly's eye member and 



a second fly's eyemember. Acylindrical lens group ar- 
ranged in a first direction is formed on each of the light 
source-side surface of a first fly's eye member and the 
light source-side surface of a second fly's eye member, 
and a cylindrical lens group arranged in a second direc- 
tion orthogonal to the first direction is formed on each 
of the irradiation surface side surface of the first fly's eye 
member and the irradiation surface side surface of the 
second fiv's eye member. 
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